OBJECTIVE -To investigate the impact of glycemic control on the survival of diabetic subjects with end-stage renal disease (ESRD) starting hemodialysis treatment.
I
ntensive glycemic control prevents the development and progression of diabetic microangiopathy including retinopathy, nephropathy, and neuropathy, as shown by the Diabetes Control and Complications Trial (DCCT) (1), the Kumamoto Study (2) , and the U.K. Prospective Diabetes Study (UKPDS) (3) . However, intensive glycemic control did not significantly improve the outcome of cardiovascular disease (the main cause of death of diabetic subjects) in these randomized intervention studies (1, 3, 4) . In other prospective observational studies, it has remained unclear whether glycemic control is associated with the risk of development of cardiovascular disease and mortality in diabetic populations (5) (6) (7) (8) (9) (10) .
Several studies identified clinical predictors of survival of diabetic end-stage renal disease (ESRD) patients on hemodialysis, including age at hemodialysis initiation (11) (12) (13) (14) (15) , nutritional status (14, 16) , dyslipidemia (17, 18) , and existence of cardiovascular complications (11, 12, 14, 15) . However, it is still unknown whether glycemic control has beneficial effects in diabetic patients with advanced nephropathy. Only a few studies have investigated the long-term impact of glycemic control at the initiation of hemodialysis treatment on the survival of diabetic patients with ESRD (11, 19) .
The aim of the present observational study in a single dialysis center was to determine whether predialysis glycemic control affects the mortality of diabetic patients with ESRD who start hemodialysis treatment. We also examined whether the predialysis state of glycemic control was preferentially associated with cardiovascular or noncardiovascular mortality in the diabetic ESRD cohort. We found that good glycemic control at hemodialysis initiation reduced the risk of death for diabetic patients on maintenance hemodialysis.
RESEARCH DESIGN AND
METHODS -A total of 150 diabetic patients with ESRD (109 men and 41 women) were enrolled to undergo maintenance hemodialysis between January 1989 and December 1997 in our dialysis center at Inoue Hospital, Suita, Japan. All diabetic subjects were enrolled in the present observational study (Osaka Diabetes and Dialysis Study). The survival or death of subjects was investigated until December of 1999, 24 months after the final month of entry. During the survey period, 114 (76%) subjects died, and 36 (24%) subjects were alive at the end of the survey period. None of the patients underwent renal transplantation during the survey period. We analyzed 114 subjects as noncensored cases and 36 subjects as censored cases for life analyses; 7 subjects had type 1 diabetes and 143 had type 2 diabetes according to the classification of the American Diabetes Association (20) . The median survey period was 2.69 years, with a range of 0 -9.0 years. The mean age
at hemodialysis initiation was 60.5 Ϯ 10.2 years (range 29 -85) and that of known duration of diabetes was 17.8 Ϯ 8.8 years (range 0.1-44.6). A total of 71 subjects were treated with insulin therapy, 39 subjects with oral hypoglycemic agents (OHA), 13 with the combination of insulin and OHA, and 27 with medical nutritional therapy alone. To certify the cause of death as precisely as possible, we categorized the cause of death according to the medical records for 72 diabetic ESRD subjects who died in our dialysis center. Cardiac, cerebrovascular, and peripheral vascular diseases were categorized as cardiovascular disease, whereas sepsis and pneumonia caused by bacteria or fungi were categorized as infectious disease. Informed consent was obtained from all participants, and the present study was approved by the local Ethics Committee (no. 102).
Clinical status and laboratory data for all diabetic subjects enrolled in the study were evaluated by routine clinical examinations before the first hemodialysis session. Systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured in the supine position after a 10-to 15-min rest, and the cardio-to-thoracic ratio (CTR) on chest X-ray was measured.
Laboratory data included fasting plasma glucose, HbA 1c , hemoglobin (Hb), serum creatinine (Cre), blood urea nitrogen, serum sodium (Na), potassium (K), total protein (TP), and total cholesterol (Tchol). The blood for laboratory examination was drawn before initiation of the hemodialysis session, and assays were performed by a routinely used autoanalyzer (Hitachi 7150; Hitachi, Tokyo). HbA 1c was measured by high-performance liquid chromatography method, and its reference range was 3.8 -5.5%. The mean and median HbA 1c levels for all diabetic subjects were 7.3 Ϯ 2.2 and 7.1%, respectively (range 4.2-15.8%). To determine the impact of glycemic control on survival, all diabetic subjects were divided into two groups according to glycemic control. The G group consisted of 93 subjects with good glycemic control, HbA 1c Ͻ7.5%, and the P group included 57 subjects with poor glycemic control, HbA 1c Ն7.5%. The mean HbA 1c level in the G group was 6.2 Ϯ 0.9% and that in the P group 9.2 Ϯ 1.7%.
Analytical methods
All values are expressed as mean Ϯ SD, unless otherwise indicated. Statistical analyses were performed with the StatView V system (Abacus Concepts, Berkeley, CA). Student's unpaired t test, MannWhitney U test, and 2 tests were used as appropriate. Survival curves were obtained using the Kaplan-Meier estimation method and compared by log-rank test. Predictive variables for survival were analyzed by Cox proportional hazards models. The proportional hazard assumption of the model was assessed by inspection of the log time-log hazard plot for all covariates. P Ͻ0.05 was considered significant.
RESULTS

Characteristics and survival of diabetic subjects on hemodialysis
The cumulative survival curve for all diabetic subjects after hemodialysis initiation is shown in Fig. 1 . The 1-, 3-, and 5-year cumulative survival rates for all diabetic subjects were 79.3, 52.5, and 23.3%, respectively. Predialysis clinical characteristics of survivors and nonsurvivors are shown in Table 1 . The median survey period in the survivor group, 3.58 years (range 1.8 -9.0), was significantly longer than that in the nonsurvivor group, 1.98 years (range 0 -8.0) (P Ͻ 0.0001). Age at hemodialysis initiation and HbA 1c level were significantly lower in the survivor group than in the nonsurvivor group, and serum Cre level was significantly higher in the survivor group than in the nonsurvivor group. There was no significant difference in sex, SBP, DBP, BMI, CTR, Hb, or serum levels of TP, Na, K, and Tchol between the two groups.
Characteristics and survival of subjects with good and poor glycemic control Table 2 compares predialysis clinical characteristics of the G and P groups. The mean serum sodium in the P group was significantly lower than that in the G group. At hemodialysis initiation, there was no significant difference in age, sex, SBP, DBP, CTR, BMI, K, Cre, TP, Hb, or T-chol levels between the two groups. Cumulative survival in the G group was significantly better than that in the P group ( Fig. 1 ) (P ϭ 0.005, log-rank test). The 1-, 3-, and 5-year cumulative survival rates of the G group (84.9, 57.8, and 31.7%, respectively) were significantly higher than those for the P group (70.2, 43.7, and 12.1%, respectively). Table 3 shows hazard ratios (HRs) of possible predictive variables for survival for all of the participating diabetic subjects. With unadjusted HRs, age at hemodialysis initiation, CTR, Cre, HbA 1c , and Tchol were significant predictive variables for survival. After adjustment at hemodialysis initiation for age and sex, HbA 1c was a significant predictor of survival, as were Cre and CTR. Table 4 shows causes of death for 72 diabetic ESRD subjects with certification of the causes of death determined by medical records. Cardiovascular diseases accounted for 43.1%, infectious diseases for 19.4%, malignant disease for 12.5%, bleeding for 9.7%, and liver disease for 2.8% of the deaths. The incidence of cardiovascular death in the G group was comparable to that in the P group. Although the causes of death between the G and P groups did not reach statistical significance ( 2 ϭ 4.66, P ϭ 0.097), the incidence of death from infectious disease in the G group was 56% of that in the P group.
Predictors of survival
Causes of death
CONCLUSIONS -This prospective observational study revealed that better glycemic control was associated with longer survival in 150 diabetic patients with ESRD who began hemodialysis, and that poor glycemic control increased the risk for death from infectious diseases but not from cardiovascular complications.
It is well documented that diabetic ESRD patients on hemodialysis have higher mortality and morbidity than ESRD patients without diabetes in the U.S., Europe, and Japan (21-23). In previous studies, older age, malnutrition (14, 16) , dyslipidemia (17, 18) , and coexistence of cardiovascular disease (11, 12, 14, 15) were reported to affect the survival rate of diabetic ESRD patients after the initiation of hemodialysis. The most common cause of death of diabetic patients with ESRD as well as of diabetic patients without ESRD is cardiovascular disease. The DCCT study of type 1 diabetes (1), the Kumamoto study (2) , and the UKPDS (3) of type 2 diabetes clearly demonstrated that intensive glycemic control prevented the development and progression of diabetic microangiopathy in diabetic patients without ESRD. In contrast, it remains unclear whether intensive glycemic control improves the outcome of macroangiopathy. Some prospective observational studies found that glycemic control was associated with cardiovascular mortality (5-9), whereas other studies did not (10) . Although intensive glycemic control reduced the risk of cardiovascular events by 41% in the DCCT study and that of myocardial infarction by 16% in the UKPDS, neither result was statistically significant. In the Veterans Affairs Cooperative Study (4), intensive glycemic control reduced neither the onset nor the mortality of cardiovascular disease.
Until the present study, the clinical significance of glycemic control in diabetic ESRD patients had not been clearly determined. To the best of our knowledge, only a few studies have examined whether good glycemic control during chronic renal failure has beneficial effects on the outcome for diabetic ESRD patients after the initiation of hemodialysis. Wu et al. (19) reported that poor glycemic control, defined as HbA 1c Ն10%, before initiation of hemodialysis was a predictor of cardiovascular morbidity and longterm survival for 137 type 2 diabetic patients on hemodialysis. Medina et al. (12) found that the average blood glucose level before the initiation of hemodialysis was a predictor of survival along with age, physical disability, and macrovascular disease in 638 patients with ESRD. Suzuki et al. (11) found that the survival period was The present study clearly demonstrated that good glycemic control, HbA 1c levels Ͻ7.5%, in diabetic ESRD patients at initiation of chronic hemodialysis predicted better long-term survival and that the HR of HbA 1c was a significant predictor for survival. Furthermore, the HR of HbA 1c per 1.0% (1.116) was approximately four times that of age at hemodialysis initiation per 1 year in the unadjusted Cox proportional hazards model, thus comparable with data on age at hemodialysis initiation obtained in previous studies (15, 25) . The HR in HbA 1c was also found to be statistically significant, even after the adjustment at the hemodialysis initiation for age and sex. Our adjusted Cox proportional hazards model findings indicate that a 1.0% increment of HbA 1c increased the risk of death by 13.3%. This impact of glycemic control on the prognosis of survival in diabetic ESRD patients is approximately twice that of average blood glucose per 30 mg/dl, as calculated from the data presented by Medina et al. (12) . The HR of HbA 1c was not clearly documented in previous studies of the survival of diabetic ESRD patients on hemodialysis.
Cardiovascular causes accounted for ϳ43% of deaths for our subjects, a percentage comparable with that in a study in Japan (16) and lower than that in a study in the U.S. (21) . Contrary to our expectation before data analyses, we failed to find significant differences in the frequency of cardiovascular disease as cause of death between the good and poor glycemic control groups. Infectious diseases accounted for 20% of all the deaths of our subjects, a percentage comparable with that in previous reports (11, 13, 16) . The frequency of infectious diseases in the G group was one-third that in the P group. Hyperglycemia in patients with diabetes is well known to decrease protection against various microorganisms because of defects in defense mechanisms that subsequently result in lethal infections, such as severe pneumonia, and sepsis (26) . Furthermore, diabetic ESRD patients are exposed to increased opportunities for infection, such as vascular access, severe diabetic neuropathy, and hemodialysis maneuvers. Taken together with results of previous studies, our findings suggest that hyperglycemia per se is not directly associated with cardiovascular death but significantly affects prognosis by increasing the risk of infection. Values are n. The G group consists of subjects with HbA 1c Ͻ 7.5%, and the P group consists of subjects with HbA 1c Ն 7.5% at hemodialysis initiation.
